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TITLE: 

QUANTUM CALCULATION ELEMENT AND USE METHOD THEREOF 
ABSTRACT: 

There are provided a quantum calculation element r a quantum 
bit read out processing mechanism of the quantum calculation 
element, and a quantum bit read out processing method capable 
of reading out a quantum state by a single trial with a simple 
circuit configuration not requiring a high-frequency signal 
processing. 

q A quantum bit structure formed by a quantum box electrode 

and an opposing electrode sandwiching a first tunnel barrier 
is controlled by a gate voltage. The quantum bit .structure is 
connected to a trap electrode via a second tunnel barrier. 
Surplus cooper pair extracted from the quantum box electrode 
after calculation is accumulated in the trap electrode. The 
trap electrode is connected to an island electrode of 
mono-electronic transistor for read- out via an electrostatic 
capacity and the electric charge amount change in the trap 
electrode is read out as a Dt current value of the mono-electronic 
transistor. 
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. Scc Notification of Transmittal of International 
FOR FURTHER ACTION preHxninary Examination Report (Form PCT/IPEA/41 6) 


International application No. 

PCT/3P2003/0I6475 


International filing date {day/month/year) 
22 December 2003 (22.12.2003) 


Priority date (day/month/year) 
20 December 2002 (20.12,2002) 


International Patent Classification (IPC) or national classification and IPC 
H01L 29/66 
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This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



This REPORT consists of a total of , 



. sheets, including this cover sheet. 



This report is also aewnpanied by ANNEXES, Lc, sheets of the description, claims and/or drawings which have been 
amended and are the basis for this report and/pr sheets containing rectifications made before this Authority (see Rule 
70.16 and Section 607 of the Administrative Instructions under me PCT). 



These annexes consist of a total of. 



sheets. 



3. This report contains indications relating to the following items: 
Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Certain documents cited 

Certain defects in the international application 

Certain observations on the international application 
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m □ 
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vi □ 
vn □ 
vm □ 



Date of submission of me demand j 
22 December 2003 (22,12.2003) 


Date of completion of this report 

08 September 2004 (08,09.2004) 


Name and mailing address of the IPEA/JP 
Facsimile No. 


Authorized officer 
Telephone No. 
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INTETRNATTONAL PRELIMINARY EXAMINATION REPORT 



International application No. 

PCT/JP2003/016475 



L Basis of the report 



With regard to the elements of the international application:* 
| ] the international application as originally filed 
the description: 



pages 
pages 



, as originally filed 

, filed whh the demand 



, filed with the letter of 



the claims; 



1-19,21-22 



pages 



_ , as originally filed 

, as amended (together with any statement under Article 19 
, filed with the demand 



20 



m> filed with the letter of 



18 June 2004 (18.06.2004) 



me drawings: 



1-6 



_ , as originally filed 
t filed with the demand 



filed with the letter of 



Q the sequence listing part of the description: 
pages 



, as originally filed 

# , filed with the demand 



pages 



, filed with the letter of 



2. With regard to the language, all file elements marked above were available or furnished to this Authority in the language in which 
the internatiocfll application was filed, unless otherwise indicated under mis item. 

These elements were available or furnished to this Authority in the following language 



which is: 



the language of a translation furnished for the purposes of international search (under Rule 23.1(b)), 
the language of publication of the international application (under Rule 48.3(b)), 



I the language of the translation furnished for me purposes of international preliminary examination (under Rule 55.2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 



contained in the international application in written form, 
filed together with the international application in computer readable form, 
furnished subsequently to this Authority in written form. 
_ furnished subsequently to this Authority in computer readable form. 

The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 

international application as filed has been furnished, 
[3] The statement mat the information recorded in computer readable form is identical to the written sequence listing has 
been famished. 

4. 1 1 The amendments have resulted in the cancellation of: 

~ the description, pages 

the elates, Nos, 



1 me drawings, sheets/fig . 



□ This report has been established as if (some of) the amendments bad not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c))** 

* Replacement Sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as "originally filed" and are not annexed to this report since they do not contain amendments (Rule 70.16 
and70J7). 

••Any replacement sheet containing such amendments must be referred to under item I and annexed to this report. 
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International application No. 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or Industrial applicability; 
citations and explanations supporting such statement 


1. Statement 




• 1-22 YES 
Woveltv fish Claims X <S ^ 


Claims 


NO 


Tm/Afittvp ctftp CT^ Claims 


L-22 YES f 


Claims 


NO [ 


Y«/4u<rf™i opp!ir5»wittv (XA\ Claims 


1-22 YES 


Claims 


NO 


2. Citations and explanations 




Document 1: JP 2000-277723 A (NEC Corporation), 6 October 


2000, entire text; all drawings 


Document 2: JP 2000-068495 A (Institute 


of Physical and 


Chemical Research) ; 3 March 


2 0 0 0, paragraphs 


[0038] to [0047] ; fig. 3 




Document 3: Aassime, A. et al M "Radio -Frequency Single- 


Electron Transistor as Readout Device for 


Qubits: Charge Sensitivity 


and Backaction" , 


Physical Review Letters, Vol, 86, No* 15, 9 


April 2001, pages 3376 to 3379 


Document 4: Nakamura, Y., et al . , "Coherent control of 


macroscopic quantum states 


in a single- 


Cooper-pair box", Nature, Vol- 398, 2 9 April 


1999, pages 786 to 788 




Claims 1 to 22 




The inventions set forth in claims 1 to 22 are not 


disclosed in documents 1 to 4 cited in 


the international 


search report, and it would not be easy for a person 


skilled in the art to conceive of said 


inventions in the 


light of documents 1 to 4. The inventions set forth in 


claims 1 to 22 are therefore novel and 


involve an 


inventive step. 
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Document 1 sets forth a quantum operator containing 
a quantum bit structure having a quantum box electrode and 
an opposing electrode with a first tunnel barrier- 
interposed therebetween, a first gate electrode bonded to 
the aforementioned quantum box electrode with 
electrostatic capacity interposed therebetween, and a 
single-electron transistor; wherein the aforementioned 
quantum box electrode and island electrode of the single- 
electron transistor are connected with read capacity 
interposed therebetween. In addition, document 1 sets 
forth a quantum operator having a probe electrode 
connected to the aforementioned quantum box electrode with 
a second tunnel barrier interposed therebetween. 

Document 2 sets forth a quantum correlation gate, 
wherein two quantum bit elements comprising a quantum dot 
having an upper quantum level and a quantum dot having a 
lower quantum level are connected with a variable 
capacitor interposed therebetween; and having the quantum 
bit element structure and single-electron transistor 
connected with a variable capacitor for detecting the 
state of each quantum bit element structure interposed 
therebetween. 

Document 3 indicates that quantum bit readout is 
carried out using a single-electron transistor (rf-SET) 
connected to a quantum box electrode (single Cooper-pair 
box) with a capacitor interposed therebetween. 

Document 4 indicates that quantum bit readout is 
carried out using a probe tunnel -connected to a quantum 
box electrode (single Cooper-pair box) . 

Documents 1 to 4 do not set forth a feature of 
having a trap electrode connected to a quantum box 
electrode with a second tunnel barrier interposed 
therebetween, and it would not be easy for a person 
skilled in the art to conceive of said feature in the 
light of documents 1 to 4. 
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06 October, 2000 (06.10.00), 
Full text; ail drawings 
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and Chemical Research) , 
03 March, 2000 (03.03,00), 
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AASSIME, A. et al», Radio-Frequency Single- 
Electron Transistor as Readout Device for 
Qubits: Charge Sensitivity and Backaction r 
Physical Review Letters , Vol.86, No. 15, 
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fx] Further documents are listed in the continuation of Box C. j_j See patent femily annex . 
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"A" document defining the general state of the art which is not 
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"E" earlier document but published on or after the international filing 
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dted to establish the publication date of another citation or other 
special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or other 
means 

"F* document published prior to the international filing date but later 
than the priority date claimed 



T later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

"X" document of particular relevance; (he claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y* document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the .art 

p &" document member of the same patent family 
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